The probability of missing the questions by patients' suffering from ADHD (attention deficit hyperactivity disorder) is high and can disturb the evaluation of questionnaire. In this case, the operator should complete the missed answers by considering their estimations to evaluate the questionnaire. This estimation can be calculated by averaging the answer of other questions in that subscale. The goal of this study is to evaluate the validity of this estimation in the screening version of the CAARS (Conners adult ADHD rating scale) questionnaire. The results indicated that although the difference between original and estimated values is significant for some particular questions individually, evaluating the estimation did not show any significant differences in the whole groups.
Introduction
ADHD (attention deficit hyperactivity disorder) is primarily thought to be a problem limited to youth. However, researchers have found that ADHD is often a chronic condition which persists into adulthood in 30% to 70% of the patients (Conners, Erhardt, & Sparrow, 1999; Searight & Hermann, 2010; Vollmer, 1998; Wender, 1998) . ADHD is characterized as having inattentiveness, hyperactivity and impulsivity. Although, in children and adolescents, this disorder is more common in boys, adult ADHD appears to be more equally balanced between men and women (Simon, Czobor, Balint, Mészáros, & Bitter, 2009 ) and it appears to decrease with age (Searight & Hermann, 2010) .
In addition to the core symptoms of ADHD, adults' subject to this disorder have been found to be at risk for a variety of other problems and conditions. For example, ADHD adults have been found to be at risk for lower levels of educational and occupational attainment, employment instability, substance abuse and antisocial behavior (Conners et al., 1999) . It is estimated that between 1% and 7% of the adult population experiences ADHD symptoms (Searight & Hermann, 2010; Vollmer, 1998; Wender, 1998) .
Up to now, different studies have been carried out regarding various types of attention and their relations with brain activities. There are activation states of cerebral cortex that affect the ability to process information where the activation itself contains no specific information. These activation states can be tonic or phasic and may be relatively global or more localized. Terms that have been used to describe these states include arousal, alertness, vigilance and attention. Unfortunately, no term is ideal to describe these states of cortical activation since most terms are in broad use with varied associations and there are not perfect physiological markers (Oken, Salinsky, & Elsas, 2006; Parasuraman, 1998; Posner & Petersen, 1990) .
The four most commonly used self-report measures for ADHD are the CAARS (Conners adult ADHD rating scale) (Conners, Erhardt, & Sparrow, 1999) , the Wender rating scale (Wrad, Wender, & Reimherr, 1993) , the Copeland symptom checklist (Copeland, 1991) and the Brown scale (Brown, 1996) . These screening tools should not be used for diagnostic purposes, as inattention, impulsivity and volatile moods are features of several other psychiatric conditions. The screening forms are useful when a quick screen for ADHD symptoms based on the fourth edition of the DSM-IV (diagnostic and statistical manual of mental disorders) (American Psychiatric Association, 1994) is required.
A main problem in self-report measures is the high probability of missing the questions by patients suffering from ADHD which can disturb the evaluation of questionnaire. In this case, to evaluate the questionnaire, the operator should complete the missed answers. Therefore, the missed answer should be estimated through averaging the answer of other questions on that subscale and inserting the result for the missed answer.
The CAARS is one of the four mentioned questionnaires in evaluating ADHD. It is designed to assess symptoms and behaviors related to ADHD in adults and causes development in the assessment of the psychopathology and problem behaviors associated with adults ADHD. The goal of this study is to evaluate the validity of estimating missed or scratched answers in the screening version of the CAARS questionnaire and also extract its principal components.
Method and Materials

Conners' Questionnaire
The CAARS questionnaire is a suitable instrument for reporting symptoms and behaviors related to ADHD on adults aged 18 and up. Both self-report and observer forms utilize a four-point, Likert-style format in which respondents are asked to rate items pertaining to their behavior/problems. Each mark stands for: 0: "Not at all, never"; 1: "Just a little, once in a while"; 2: "Pretty much, often"; 3: "Very much, very frequently".
The self-report screening form CAARS-S: SV (CAARS-Self report: Screening Version) which is used in this study, includes 30 items that assess ADHD symptoms, according to the DSM-IV criteria (American Psychiatric Association, 1994) . The subscales derived from the questionnaire are: (1) inattentive (9 items); (2) hyperactive-impulsive (9 items); (3) total ADHD symptoms; and (4) ADHD index (12 items).
Interpretation of the CAARS requires a general understanding of the nature of ADHD symptoms across the life span. The CAARS should be interpreted based on an analysis of where a particular individual's scores fall with respect to the CAARS population norms. For example, an individual with a t-score above 70 on the ADHD index is likely to have significant levels of symptoms that may meet diagnostic criteria, such as in the DSM-IV (Conners et al., 1999) .
Participants
We asked 600 students at four universities to complete the questionnaire which had been sent to them via e-mail. We also distributed 120 paper-forms of the questionnaire among the students. A total number of 530 questionnaires were returned among which 130 participants' answers were incomplete or scratched and 400 questionnaires were filled out completely. This indicates the importance and need of proper estimation of missed or scratched answers in the questionnaire. Figure 1 demonstrates the characteristics of the participants in age, gender and education. Men and women are almost equally distributed and most of the participants are graduated. Since financial incentives affect the attention level (Oken et al., 2006) , subjects were not paid to participate in the experiment. In generalization of the results, it should be taken into account that the study was performed on a population of university students.
Statistical Analysis and Validity Evaluation
Software version of the questionnaire was prepared and used which has the benefits of fast evaluation of the questionnaire, increasing the accuracy, simple dispatching to each participant by e-mail and simplicity of constructing the database for statistical examinations. All statistical tests and calculations were performed with "Matlab 2009" software.
Lilliefors test was used to evaluate whether the distribution of the sample was normal. The Lilliefors test is a two-sided goodness-of-fit test suitable when a fully-specified null distribution is unknown and its parameters must be estimated, i.e., it is a Kolmogorov-Smirnov test with unknown null distribution. The raw scores of the CAARS were converted to t-scores to eliminate the gender and age effects. The t-scores used in CAARS are linear ones which do not change the actual distributions of the variables (1). Therefore, the variables which are not normally distributed in the raw data will continue to be distributed in this way after being converted to t-scores.
To score the questionnaire, missed or scratched answers are estimated by calculating the average of other answers in that subscale. For example, the first question belongs to inattention subscale which contains nine questions. If this question is missed, the average of the other eight questions will be considered as the estimation of its answer. To investigate the validity of the estimated missed or scratched answers, we assumed each question was missed individually and estimated its answer. Then, we compared the real answers with their calculated estimations for each question to find any significant difference.
We used Kruskal-Wallis test to investigate the veracity of this approach. This test is a non-parametric version of ANOVA (analysis of variance). For each question, an individual test was performed to evaluate the difference between the original answer and its estimation (30 tests). Considering that there is a possibility for each of the questions to be missed, the significance of the difference should be evaluated in the whole subscale, so we used the MCP (multiple comparison procedure) to evaluate the significance of the differences between the real and estimated answers in each subscale. Since the chance of incorrectly finding, a significant difference would increase with the number of comparisons, using the MCP can provide an upper bound on the probability that any comparison can be incorrectly found significant.
In some questionnaires, the number of questions (dimension of the input vector) is large, but the questions are highly correlated (redundant). It is useful in this situation to reduce the dimension of the input vectors. An effective procedure for performing this operation is PCA (principal components analysis) (Jolliffe, 2002) . This technique orthogonalizes the components of the input vectors, which means that transforming a number of possibly correlated variables into a smaller number of uncorrelated variables called principal components. This method was used for extracting principal components of the CAARS questionnaire (Ghassemi, Moradi, Tehrani-Doost, & Abootalebi, 2010) .
Results
Figure 1 demonstrates the characteristics of participants. The average age of the participants was 24.4 ± 5.9 years and 47.75% of them were male. In this population, 68% were graduated and 14% were under-graduated. The distribution of t-scores in the statistical population for each subscale is shown in Figure 2 . The t-scores used with CAARS have a mean of 50 and a standard deviation of ten. Values around 50 indicate that the participant is in the average range in that subscale, whereas higher t-scores represent a problem and lower t-scores suggest that the participant does not present particular symptoms. T-scores distribution in the statistical population indicated that in "Inattention" group (A), 34% of the participants were in the average range (regarding their age and gender), 27% were very much above the average having high levels of symptoms that could meet the diagnostic criteria for ADHD and 9% were much below the average. In "Hyperactivity" group (B), the average range contained 33% of the participants. Twenty-four percent were very much above the average and 13% were much below the average. In "ADHD" group (C), 32% of the statistical population was in the average range, 30% was very much above the average and 9% was quite below the average, whereas 17% and 12% were slightly above and below the average, respectively. In "ADHD Index" group (D), 48% of the statistical population was in the average range, 11% was very much above and 7% much below the average.
The result of the Lilliefors test indicated that the distribution of t-scores and, consequently, the distribution of raw scores were not normal. Thus, non-parametric tests were used for statistical evaluations. Table 1 demonstrated the results of Kruskal-Wallis tests which define the questions included in each subscale and express the obtained P-value. P-values less than 0.01 indicated significant differences between original answer and its estimation. Results showed that a significant difference (df = 399, P < 0.01) exists between the original and estimated answers for some questions. Therefore, the substitution method was not appropriate for their estimation. Table 3 The Component Matrix As Table 1 demonstrates, this estimation is significantly different from the real value for questions: (A) 13, 20, 28, 29 (inattentive subscale); (B) 4, 15, 26 (hyperactive/impulsive subscale); (C) 4, 13, 15, 18, 20, 26, 28, 29 (ADHD subscale); (D) 3, 7, 10, 14, 16, 22, 23, 27, 30 (ADHD index) .
The results of MCP showed that the estimation, when evaluated in the whole subscale, was not significantly different (α = 0.001) from the real value in each subscale. 
Discussion and Conclusions
ADHD is a common problem in adults which can be evaluated using some self-report questionnaires including the CAARS. A main problem in self-report measures is the high probability of missing some questions by ADHD patients which can interfere with scoring of the questionnaire. In this case, the operator should complete the missed answers to score the questionnaire. This study is dedicated to evaluate the estimation of the missed answers in the self-report screening version of CAARS completed by 400 university students.
The Kruskal-Wallis results revealed a significant difference (P-value < 0.01) between the real and estimated values for some particular questions: (1) four questions in the "inattention" subscale; (2) three in the "hyperactive/impulsive" subscale; (3) eight in the "ADHD" subscale; and (4) nine in the "ADHD index" subscale.
It should be noticed that the estimation of a particular question in A or B subscale was obtained by averaging eight other questions in that subscale, while its estimation in C subscale was obtained by averaging 17 other questions.
Evaluation of each question individually indicated that only the estimation of the answers in ten questions could be valid (numbers 1, 2, 6, 9, 11, 12, 17, 18, 19 and 21) . Therefore, when a high percentage of the participants in one study has missed a particular question, it means that the estimation should not be used for the critical questions mentioned in Table 1 and the incomplete questionnaires should be removed from the study. However, the results of MCP, when evaluated in the whole subscales, indicated that the estimations did not differ significantly from their real values in four subscales, i.e., the result of the whole subscales did not change with this estimation.
The obtained results can emphasize on the fact that this questionnaire is mainly designed for screening purposes and this estimation does not change the results of subscales when a question is missed randomly.
Therefore, if many of the participants missed a critical question, this substitution would not be valid and more considerations should be paid in such cases.
Eight principal components are extracted by means of PCA which transforms a number of possibly correlated variables into a smaller number of uncorrelated variables called principal components. The first component accounts for as much of the variability in the data as possible and each succeeding component accounts for as much of the remaining variability as possible.
The novelty of this study is in the evaluation method of estimation. Regarding similar studies, PCA is used as a factor analysis method in translated versions of ADHD questionnaires (Caci, Bayle, & Bouchez, 2008; Erhart, Dopfner, & Ravens-Sieberer, 2008; Du, Kou, & Coghill, 2008) . In the French version of ASRS (ADHD self-report scale), self-report adult questionnaire was considered and factor analyses retrieved the original two-factor structure although impulsivity items clearly load on a specific third factor in students only (Caci et al., 2008) . Also, German and Chinese children were respectively investigated (Erhart et al., 2008; Du et al., 2008) . Psychometric properties of CAARS and FBB-HKS questionnaires were compared for the former and both instruments' scores showed reliability as well as factorial and convergent/discriminant validity (Erhart et al., 2008) . For the latter, mixed findings with respect to the psychometric properties of the Chinese translation of the SDQ were reported (Du et al., 2008) . Considering adult Iranian population, one study had reported the prevalence of 3.7% for ADHD in a group of 244 university students, but no estimation or validity evaluation was investigated (Arabgol, Hayati, & Hadid, 2004) .
Briefly, although the Kruskal-Wallis results revealed that the difference between the original and estimated values is significant for some particular questions individually, the results of MCP, when evaluated in the whole group, indicated that the estimations do not differ significantly from their real values in any of the four subscales, i.e., the result of the whole group will not change with this estimation.
